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The study presented here is focused on a landscape level, borrowing the concept of 
landscapes from such fields as geography and landscape ecology. Studies of 
landscapes have become more common in natural sciences in the last years due to 
more and better tools and techniques for studying larger areas, along with a 
realization of the importance of scale in studying changes in nature and the 
environment. Not all environmental changes can be efficiently studied at close 
level, e.g. species or patch level, since many issues may come better in to focus 
when studying regions and landscapes. 
This paper is focused on three of the main forest management activities which 
have been practiced in the border area of north-east Finland. These activities are: 
forest clearcutting, mire ditching and road development. Other human activities in 
the area should be kept in mind but are not studied here in detail, these include forest 
fertilisation, human recreation, tourism, small scale mining, some selective forest 
cutting and fisheries, to name a few. Forest clearcuts, drainage ditches and roads each 
result both direct and indirect environmental and ecological effects. These effects may 
seem insignificant if individual stretches of road, ditches or forest clearing are studied 
individually, while the accumulated effect of these practices in space and time may 
result in significant accumulated change and significant environmental effects when 
studied together on a landscape level. 
The aim of the study is to establish how the cumulative effects of forestry and 
related activities are manifested in the landscape, and whether the resulting changes 
are in fact cumulative effects. A secondary aim of the study is to look into the 
effectiveness of the GIS approach for analysing and for assessing cumulative 
environmental effects. 
The approach of the study is largely quantitative as it relies heavily on the 
presentation and analysis of GIS generated thematic maps. The study is based on 
theories of landscape ecology set within a framework of cumulative environmental 
effects assessment, and is thus mostly focused on a landscape level and not placing any 
emphasis on individual habitats or species in the area. 
1.1 The study area 
This paper is based on the study of an 112 km2 area in Kuhmo in north-east 
Finland, adjacent to the Russian border. The study area covers the surrounding 
landscape of the lakes Elimyssalo, Saari-Kiekki, Kivi-Kiekki and Kaita-Kiekki, and will 
be called the Kiekki area in this paper (see Figure 1). The Kiekki area lies in the middle 
boreal zone, "the real core area of the coniferous zone" (Rikkinen 1992), at elevations 
from 220 to 290 meters above sea level. Forests consist mainly of Norway spruce (Picea 
abies), Scots pine (Pinus sylvestris) and birch (Betula pubescens). Pine and spruce are 
both planted commercially in managed forest areas, while birch also grows fast in 
clearcut and drained areas. 
The Kiekki study area can be considered to be made up of three parts each with 
different history of land use and functions which are relevant to this study (Figure 1): 
1. The Finnish-Russian border zone; 
2. A section of the Elimyssalo nature reserve, protected since 1990; 
3. Other state-owned areas and previously privately owned land. 
The Finnish border zone in Kiekki remained mostly untouched by human activities 
during the Soviet period, but since 1990 the forests on the Finnish side of the border 
have been largely clearcut. The Elimyssalo area has been partially conserved since the 
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Figure 1 The Kiekki study area, its main features and the place names used in this study. 
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1970s as a "no hunting" ground for protection of forest reindeer populations. The 
current Elimyssalo nature reserve, which includes this former "no hunting" area, was 
established by law in 1990 as a part of the Finnish Friendship Park. The Friendship 
Park comprises 5 nature reserves on the Finnish side of the border which are meant to 
complement the somewhat larger Kostamus strict nature reserve on the Russian side 
(Figure 2). Both state and privately owned land in Kiekki have been subject to 
systematic forest cuttings since the 1940s. Approximately 27% of the study area is 
protected within the Elimyssalo Reserve. From aerial photos one can clearly see that 
outside the Elimyssalo reserve the forest is highly fragmented, with forest patches in 
various successional stages (Figure 3). 
An important feature of the Finnish-Russian border landscape is a thick, green 
belt of unmanaged forest in near natural state which lies on the Russian side of the 
border and can be seen on Landsat satellite images of the Finnish-Russian border from 
the early 1990s. This so called 'Green Belt of Carelia' is comprised of natural forest 
landscapes which stretch along the Russian side of the border. The Carelian green belt 
is believed to have for some time acted as a source of biological diversity and wildlife 
for Finnish forests and nature conservation areas and is very important for the areas of 
Finland adjacent to the Russian border, including the Kiekki area. 
N 	 Ulvinsalo strict 
nature reserve 
1:500.000 	 ° ~' 
Figure 2 The Finnish Friendship Park and the Russian Kostamus strict nature reserve. 
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Figure 3 Current forest patches in the Kiekki study area, as noted from aerial photos in the scale 
1:20000. 
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The Kiekki study area can be considered a typical landscape of the Finnish 
mid-boreal zone, while at the same time showing some specific characteristics due 
to the proximity with the Russian border as well as including both current and 
proposed future nature protection areas. 
1.2 Study boundaries 
Concerning the spatial boundaries used in this study, it has been noted in a 
conceptual study of cumulative environmental change that "rational choices as to 
the temporal and spatial constraints to our analysis of environmental change are 
seldom immediately obvious" (Cocklin et al. 1992). Similarly rational boundaries 
of a landscape study can be difficult both to distinguish and determine. 
Theoretically the use of watersheds, mountain ranges, or specific ecosystem limits 
seem like the most rational spatial limits for environmental studies, while in 
reality the use of existing administrative boundaries and anthropogenic structures 
which may have little to do with the environmental qualities of the landscape, are 
often used (Clark 1994) as they are often easier to determine. The boundaries used 
in the current study of the Kiekki landscape reflect mainly the latter approach 
since roads to the south and west of the study area and the Finnish-Russian border 
to the east of Kiekki are used. The northern limit of the Kiekki study area is a fairly 
random line which has largely been determined by the coverage of the 1996 aerial 
photos which were made available for this study. However, the Kiekki area 
boundaries come close to following the upper part of the major watershed 
boundaries in the region, and the landscape can in this sense be regarded as a 
unique part of the boreal landscape. Within the Kiekki area the GIS analysis is 
based on biotope boundaries that have been drawn by the Forest and Park Service 
for forest classification purposes, based on ground vegetation to determine the 
specific forest patches within the area. 
INdLIUlIdl UUIUCI 
Study area 
{ Elimyssalo Nature Reserve 
Lakes 	
N 
Rivers 
•.` New Natura 200 reserves 	- 	:150.000 
Figure 4 Proposed new nature reserves proposed in the Natura 2000 programme. 
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Temporal limits of studies concerning environmental change can also be 
difficult to decide, one challenge of assessing cumulative environmental effects is to 
determine how far into the future and how far into the past it is feasible or possible to 
study the cumulative past, present and future environmental effects (Clark 1994). In 
another study it is noted that "the appropriate baseline for considering the significance 
of cumulative impacts is that time in the past when the valued environmental attribute 
was most abundant" (McCold and Saulsbury 1996). This means that one should look to 
compare the present landscape with an indact landscape of the past before significant 
human caused changes occurred. On the other hand the availability of data is often a 
major factor regarding temporal limits. Historical records of past land use, agriculture, 
silviculture, drainage, forest fires and other events need also to be considered when 
determining the temporal boundaries of a cumulative effect study. 
In the current study, due to the long term disturbance and succession cycles of 
the natural boreal forests (up to hundreds of years) it is presumed that forests which 
have not been cut before the 1940s may be viewed as old growth forests in a natural 
state. The historical records from the Kiekki area concerning large scale forestry 
practices have been recorded since the 1940s, before this time there has been relatively 
little forest cutting within this area (see Juntunen 1997). 
As for reasonably foreseeable future activities in the Kiekki area, no concrete land 
use plans have been made available apart from a forest cutting plan made by the Forest 
and Park Service in Kuhmo, and a proposal for new nature conservation areas in Kiekki 
included in the Natura 2000 programme (Figure 4). Also, since the Kiekki area is under 
the control of the Finnish Forest and Park Service, one assumes that the same general 
policy for forest management, thinning and maintenance applies in Kiekki as in all 
state owned forests in Finland which are not specified as nature protection areas. But 
this policy nowadays includes procedures for sustainable tree harvesting, landscape 
ecological planning and forest drainage (Finnish Forest and Park Service 1994). 
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Figure 5 An illustration of environmental impacts and cumulative effects. 
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The current study combines two distinct but related methodological approaches, 
namely the framework of cumulative effects assessments as it has been developed 
by environmental management specialists of various diciplines, and the landscape 
ecological approach for valuation of spatio-temporal changes in the main 
landscape components. 
2.1 Cumulative environmental effects 
Environmenal impact assessments or EIAs, have since the 1960s become one of the 
basic principles of environmental management. Such studies are often focused on 
past and future changes in the environment and environmental quality on local or site 
level. During the last two decades many shortcomings have been found with EIAs in 
practice and in basic EIA ideology. Some scholars have suggested a total revision of the 
EIA concept (see e.g. Cocklin et al.1992, Smith 1993), while others have striven to 
increase the efficiency of current EIA procedures by applying new instruments (see e.g. 
Lawrence 1994, Lawrence 1997). 
One major shortcoming of the current EIA process is a lack of dealing effectively 
with the cumulative changes caused by two or more projects or project components 
which are not normally believed to have a significant environmental impact. The 
concept of cumulative effects assessment, or CEA, has been developed largely due to 
the fact that EIAs are almost exclusively carried out on a project to project basis 
(Cocklin et al.1992, Spaling and Smit 1993). For example the EC Directive 85/337 on 
environmental impact assessment only applies to project level decision making 
(Commission of the EC 1996), while national legislation sets the final list of projects and 
activities which are subject to EIA. There are also many types of projects which fall out 
of the scope of EIAs according to the current environmental regulations. 
Today there are mainly project level EIAs which account for the environmental 
effects caused by the projects or project components, and study if these effects are to be 
considered significant or not. Environmental effects which are not considered to be 
significant or to be of minor importance are often not analysed further in the EIA 
process. With this in mind it seems clear that there maybe many projects and project 
components that either are not subject to EIA or are not considered as having 
significant environmental impacts. The effects of many such 'non-significant' activities 
can add up over time and space resulting in cumulative environmental changes 
(Spaling 1997). Such changes can be termed cumulative effects or cumulative impacts 
which are generally interchangeable terms (Spaling 1997), and can be defined as "the 
incremental effect of an impact added to other past, present and reasonably foreseeable 
future impacts" (e.g. Clark1994, Johnston et al.1990). 
There are several ways in which two or more unrelated human activities can 
result in significant cumulative environmental change. Effects may accumulate over 
time from one single project, or the added environmental effects of different projects 
may cause environmental deterioration within a certain area. Figure 5 presents an 
illustration of the fundamental difference between environmental impacts and 
cumulative effects. Cumulative effects may result from either single source activities 
such as specific factories, multiple point sources within a neighbouring area, or due to 
non-point source activities, like agriculture, forestry or roads. Cumulative effects can 
also be regarded as either simply additive, or as 'synergistic' where the end result is 
more than just the sum of the main parts. 
Some hypothetical examples provided by Cocklin et al. (1992) may shed further 
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light on the spatio-temporal nature of cumulative effects. Table 1 presents a 
typology of cumulative effects which has been suggested by Spaling (1994). 
® 	Multiple point source cumulative effects: 
Where two (or more) activities, e.g. factories in close proximity, emit enough 
pollution to be considered significant even if each of the individual activities has 
been proved to have little or no significant environmental impact or pollution 
levels are within legal emission thresholds (e.g. Spaling 1994). 
® 	Non-point sources effects: 
E.g. where extensive mire ditching and soil compacting result in the loss of rare 
wetland habitats, as well as an increased runoff of nutrients, and an increased 
flood danger downriver (Lull et al.1995). 
® 	The patchiness effect: 
Where forest clearcutting contributes to habitat fragmentation and lead to a loss in 
biological and biotope diversity (Cocklin et al.1992). 
Each of these above situations may result from multiple activities and cannot be 
effectively considered in EIAs at a proj ect level, but need instead to be handled at a 
more strategic level of administration, e.g. programmatic, policy or other land use 
planning levels which correspond generally to landscape and regional scales which 
are considerably larger than for most project EIAs which are studied on the more local 
scale, e.g. surrounding a project site. 
It is generally recognized that there is no single overall methodology or 
approach for assessing environmental impacts which can serve properly for all 
situations and projects, and this also holds true for cumulative impacts (see e.g. 
Bardecki 1990, Clark 1994). 
A landscape can be a large and relatively uniform area with a mosaic of several ecosystem 
elements. Landscape ecology seeks to understand the ecological function of large areas 
and hypothesizes that the spatial arrangement of ecosystems, habitats or communities has 
ecological implications (Johnson et al. 1990), thus landscape ecology was defined by Carl 
Troll in the 1930s as a "study of the complex of causal relationshi between the biotic 
communities and their environment within a certain part of the landscape" (quoted from 
Tuhkanen 1994). A more recent definition describes landscape ecology as "the 
interactions among patches within a landscape mosaic, and how these patterns and 
interactions change over time" (McGarigal and Marks 1994). 
Figure 6 The main landscape elements in Kiekki. 
0...............................................The  Finnish Environment 275 
Table 1 A typology describing the source of cumulative effects based on three examples 
of human-environment interaction (based on Spaling 1994). 
EXAMPLES 
Construction of Forestry clearcutting CO2 emissions from 
hydro-electric dam fossil fuels 
Temporal scale 
Short x 
Long x x 
Spatial scale 
Local x 
Regional x 
Global x 
Configuration 
Point x 
Areal x x 
Sources 
Similar x x 
Various x 
Some of the basic concepts of landscape ecology considered here include the spatial 
and temporal disruption of biotopes, loss of pristine habitats, habitat fragmentation, and 
edge effects, as well as the cumulative effects of human activities on these processes. The 
landscape canbe considered to be made up of spatial elements, which have been 
defined by R.T. Foreman as "relatively homogeneous units recognized in a mosaic at 
any scale" (Foreman 1995, p. 39). The term spatial elements is used as a synonym for 
biotopes and habitats in general, and may include forest patches, mires, lakes, rivers 
and other relevant features of the landscape. Figure 6 shows a rough division of three 
main spatial elements in Kiekki where the main surface types are mineral soils, mires, 
and open waters, based on the forest classification by the Finnish Forest and Park 
Service, and on observations from aerial photographs. Included in mineral soils are 
also roads, farmsteads, and small quarries. 
2.3 Materials used 
A variety of maps and geographical data were used for this study, all of which are 
currently available in Finland. The main materials used include: 
Aerial photos in the scale 1:20000 from the years 1971, 1987 and 1996, 
which cover ca. 1/2 of the Elimyssalo Nature Reserve which coveres 
approximately 1/3 of the study area; 
Current Forest Resource Maps in GIS format with specific forest patch 
classification and attribute data; 
Forest cutting maps based on the above mentioned Forest Resource Maps, 
prepared by the Friendship Park Research Centre, showing the forest cutting in 
Kiekki with 5 year intervals since 1940; 
Basic topographic maps in the scale 1:20000 from 1990, and elevation vector 
maps in digital format; 
Historical Forest Resource Maps from the years 1918,1952 and 1982, which show 
the main types of land use, farms and roads, along with planned cuttings, 
ditching; 
A local knowledge map showing the hotspots of biodiversity in the Kiekki area, 
drafted by a local forest specialist at the Friendship Park Research Centre in 
Kuhmo. 
The Forest Resource Maps from the Finnish Forest and Park Service give detailed 
classification of individual forest patches in the area and contain a database of up to 
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date information about each forest stand including e.g. the stand size, forest type, 
mire type, etc. These current Forest Resource Maps were thus used as background 
biotopes for further examination of changes in the landscape. The aerial 
photographs from different time periods were used to compare extent of human 
activities with other available data sources, and the 1996 aerial photos were also the 
most recent source of data from the 1990s. The forest cutting maps prepared by the 
Friendship Park Research Centre were also valuable since they saved much work in 
looking up the forest cutting record from the study area. Topographic maps 
proved to be the best data source concerning the extent of mire drainage but were 
complemented by information provided by both the aerial photos and the forest 
resource database. Other maps were used mainly as reference and for comparing 
the validity of the data. 
A vector based GIS (ArcView) was used to set up and analyse the data, using 
vector data also means that the actual scale of the resulting maps becomes irrelevant 
and the data can be viewed at various scales of detail without losing quality. The 
practical parts of this study involved the digitization of lakes, rivers, study borders, 
reserve borders and national borders, roads and drainage ditches, as well as the 
classification of these according to age. Much of the other data was already available in 
digital format so the GIS could be used to retrieve the relevant information. 
To establish the probable extent of areas affected by humans as opposed to 
"pristine" areas, a map layer showing the extent of roads, ditches and cut forests in 1996 
was created with additional buffer zones drawn around the affected areas. The buffer 
zone is based on the preliminary ideas that forest edge effects may affect about 30-100 
meters or more from edge to forest patch interior. It is also assumed that drainage 
ditches drain the land from 10-50 meters or more to both sides of the ditch depending 
on the slope, and finally the roads which are mainly sand and gravel roads in this area 
result both in an edge effect as well as increasing dust in roadside areas. Thus two 
different buffer zones were drawn in this study, one representing a 30 meters edge and 
the other a 100 meters edge. The GIS was then used to produce a maps of potentially 
"pristine" areas, or areas which are at least 30 and 100 meters distant from any of the 
human activity areas. It is then assumed that any forest patches or mires placed within 
these pristine areas may potentially be in natural state and could thus be regarded as 
old growth forest patches and/or virgin mires. The method presented here is 
somewhat elemental, while GIS data collection, preparation, and analysis were the 
most time consuming tasks of the study. 
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Before the 1940s there was very little forest cutting in the Kiekki area, perhaps due 
to it's remoteness with rivers as the main transportation routes, and because 
timber needs of the Finnish forest industry were never as great as after WWII. Old 
forest-economic maps (Talouskartta in Finnish) from 1915, 1952 and 1968 show that 
there has been very little mire ditching before the 1970s in the area. A recent study 
(Juntunen 1997) illustrates that documented forest cuttings before 1940 only 
occurred on a few separate locations, mainly between the years 1905 and 1913 
(Figure 7), and field examination has shown that some selective tree cutting has 
occurred in some currently standing forest patches in Kiekki. 
In the early 1940s the first large forest clearcutting was in Risuvaara west of lake 
Saari-Kiekki, which today lies within the Elimyssalo Nature Reserve. The rate of forest 
cutting increased in time until it peaked in the 1980s and 1990s (cutting rate has 
remained similar in the 1980s and 90s) as shown in Table 2, while the spatial extent of 
forest areas affected by cutting since the 1940s is illustrated in Figure 8. Before the 1940s 
the total forest coverage within the study area has been about 60 km Z which is 54% of 
the surface area, while in 1996 some 33 km Z or approximately 55% of the original forest 
has been cut. Current forest patches in Kiekki situated outside the Elimyssalo reserve 
are relatively small and discontinuous (see Figure 3), and possibly so fragmented that 
the current patches may already be unsuitable as habitats for many of the species 
specialized in old growth forest environments. 
Mire drainage in the Kiekki area started in the 1960s. Most of ditching activity 
occurred in the 1970s and 80s. Today there are about 450 km of drainage ditches within 
the study area (Figure 9), which amounts to ca. 12 km2 of drained land with the 
assumption of average reach of the drainage is about 20 meters to each side of the 
ditches. With an assumption of 50 meter drainage effect to each side of the ditches 
results in a total of ca. 23 km2 of drained land. These numbers suggest that the land 
affected by drainage may lie somewhere between 20 %-40% of the total mire areas in 
Kiekki. Assuming an increased plant and tree growth in drained mires also suggests 
that the long term changes due to mire ditching may result in the loss of biotope 
diversity, since drained mires will in the long term develop similar characteristics as 
monoculture forests. 
With the current study materials the basic common measure for establishing the 
cumulative effects of different forest management activities is the spatial extent of 
affected land. By mapping the spatial extent of the forestry, ditching and road building 
in a GIS, one can draw a zone outside of the managed areas (Figure 10) which are 
presumably in a pristine state. Inside these potentially pristine areas one should 
therefore find areas which are in natural state, includingboth old growth forest stands 
and virgin mires (Figure 11). To check the reliability of this approach a map of the 
main hotspots of biodiversity (hotspots are here regarded as areas known by local 
experts to be generally rich in habitats and species) in the Kiekki area has been 
sketched separately by persons with a local knowledge of the Elimyssalo-Kiekki region 
(A. Meriruoko, personal communication). As seen on Figure 12 the local knowledge of 
biodiversity correlates in many parts within the potential pristine areas which were 
deducted from the current study. 
Finally it is important to look at a regional level to see that both the proximity of 
the Elimyssalo nature reserve and the 'Green Belt of Careliå may act as sources of 
genetic and species diversity for the remaining pristine biotopes in the Kiekki area. 
The addition of new nature reserve areas in Vonganjärvi-Vuorivaara and an extension 
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to Elimyssalo reserve south of Kaita-Kiekki (Figure 4) and perhaps further 
landscape-ecological planning of forest corridors and stepping stones may further 
strengthen the biodiversity in the area. 
The cumulative effects of the activities studied are summed up in fig. 13 This 
figure assumes a simple additive relationship between the land use activities in 
question, while in reality the relationship maybe quite different due to the synergistic 
nature of impact interactions. Some ecological changes may affect larger a area than 
the one considered here, or play a small but still important role if one considers that 
such changes are occurring widely all over Finland. 
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Figure 7 Forest cutting in the Kiekki area from 1905-1913 (after Juntunen 1997). 
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Figure 8 The extent of forestry in Kiekki from 1940-1996. 
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Figure 9 The extent of drainage ditches in the Kiekki area in 1996. 
0............................................... The  Finnish Environment 275 
National border 
- ' Eli myssal o Nature Reserve 
C] Study area 	 N 
Lakes 
Rivers 
Pristineareasin 1996 
1:100.000 
Figure 10 Potential pristine areas or regions outside areas affected by human actions in 1996. 
The Finnish Environment 275 	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
National border 
Study area 
Elimyssalo Reserve 
Pristine mires 
Forest patches w. 30 m edges 	N 
Pristine areas in 1996 	I 
Lakes 	 1:150.000.Å 
Rivers 
Figure 11 A map showing how mires and forest patches fit with the potentially pristine areas. 
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Figure 12 Hotspots of biodiversity compared with the potentially pristine areas in Kiekki. 
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Forest clearcutting, soil preparation, tree planting and forest thinning have been 
practiced in Finland since the 1950s (Kubin and Kemppainen 1994, Sjöberg and 
Lennartsson 1995). This kind of forest management is very effective in producing a 
maximum sustainable yield from forest resources (Ministry of Environment 1992), 
but may also lead to a decrease in forest biotope diversity and subsequently to 
losses in biological diversity. In Finland the main nature conservation principle 
has traditionally been to preserve flora and fauna inside protected nature 
conservation parks and reserves (Sjöberg and Lennartsson 1995), while in recent 
years the official policy of the Finnish Forest and Park Service has been to promote 
a so-called landscape ecological forest planning where areas of nature value and 
managed forests form a network of conservation areas, old growth forest are 
connected by means of ecological corridors, stepping stones, and careful forest 
cutting plans aimed at enhancing biological diversity (Korhonen 1996). Natural 
fire disturbance patterns should also be imitated whenever possible by leaving 
enough wood in the clearcut areas for those species which specialize in dead and 
decaying wood (Forest and Park Service 1994, p. 31, Sjöberg and Lennartsson 1995, 
p. 220). The landscape-ecological approach should apply to all state-owned forests 
by the year 2001 (Korhonen 1996). The landscape-ecological approach will replace 
the earlier forestry practices which were solely aimed at monoculture with forest 
stands of even age and of high quality timber (Haila 1994), by systematically 
removing unwanted tree species like aspen and other deciduous trees and most 
dead and decaying wood from the forests (Wahlström et al. 1996). 
Due to the integrative nature of cumulative effects studies the discussion 
here will be divided into four fundamental components, namely forest cutting, 
mire drainage, effects of roads, and finally the cumulative effects of these. 
Read — - 	t)i ined 	 (1e a.t ut 
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Figure 13 A graph of cumulative environmental effects and two future scenarios. 
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4.1 Forest cutting 
Silvicultural practices create a fragmented forest landscape with relatively small 
biotopes in different successional stages (Väisänen and Heliövaara 1994). 
Clearcutting of forests causes several changes in the landscape, these include (1) 
the loss of forest biotopes in natural state, (2) forest fragmentation, and (3) an 
increase in forest edge boundaries (see e.g. Angelstam 1992, and Haila 1994). 
Biotopes in natural state are here regarded as habitats which have not had major 
disturbances from human activities since forest cutting was initiated in the Kiekki area 
in the 1940s. Thus traces of human activities older than 50-60 years old can be viewed 
as traditional or a natural part of the landscape, which are seen as the opposite of 
cultural landscapes resulting from modern and more intensive land-use activities. The 
loss of old growth forest habitats leads to the loss of those species which have adapted 
specially to such habitats. The disappearance of such "specialist species" may in turn 
affect the living conditions of other species which depend on them as prey, for seed 
dispersal, or other ecosystem interactions. Studies from south-central Sweden have 
shown that specialist species are usually absent from managed forests, in the southern 
boreal zone (Hansson 1994, p. 69), and results of studies in various part of the boreal 
forest in Finland show that an immediate effect of clearcutting is the increase in 
numbers of several "generalist species" in the new growth and forest edges around the 
clearcutting (see e.g. Virkkala 1987, Väisänen and Heliövaara 1994). Such changes in 
species composition disrupt the ecology and quality of habitats around the clearcut 
areas. Thus in the long-term, extensive forest clearcutting may result in monocultural 
landscapes made up of structurally similar biotopes, in which only species adapted to 
such managed habitats e.g. some generalist species can thrive. 
Forest habitat fragmentation occurs as forest patches become smaller and more 
distant from each other e.g. due to forest clearing or road development. This process 
complements natural forest-mire mosaic landscapes where natural agents, e.g. wet 
mires, rivers and lakes restrict the size of forest habitats. Fragmentation limits the 
movement of species between forest habitats, which is particularly affecting certain 
species having low dispersal ability e.g. forest insects, which are in general regarded as 
keystone species since their spatial distribution affects the forest dynamics while at the 
same time the size and shape of habitats in the forest landscape will also affect insect 
occurrence (Väisänen and Heliövaara 1994). 
The main difference between human caused and natural fragments is ecotone 
sharpness. All but the wettest mires are likely support trees to some extent and even if 
the trees appear scanty, the few standing trees will reduce the contrast between open 
mire areas and forest (Figure 14). Man-made edges due to either forestry or clearing for 
roads differ from naturally occurring edges such as edges or ecotones between forests 
and mires, or between forest and river or lake, which are generally low-contrast edges 
(Figures 14) and "in the natural landscape fewer patch edges are high-contrast" 
(Mladenoff et.al 1994, p. 758). High-contrast edges have different ecological and 
physical characteristics than the interiors of forests or central parts of clearcut areas. 
Usually clearcutting in boreal forests results in high-contrast boundaries between 
forest patches and the clearcut areas (Hansson 1994, p. 69). High-contrast edges 
influence the ecosystem quality of the forest patch interior since the forest becomes 
more open to wind and sunlight, as well as to perturbations in surface temperature 
and water balance. These changes make the forest edge unsuitable for those species 
which have adapted to the more sheltered environments of the interior forests. On the 
other hand, some species which thrive in edge habitats can migrate to recently cut 
edges and cause further disruption of the ecosystem. This process is commonly 
referred to as an'edge effect'. Edge effects temporarily increase biological productivity 
within biotopes since species diversity may include both the native species and edge 
species, on the other hand extensive edge effects will result in a long term decrease of 
biotope and habitat diversity, especially when viewed at a larger regional scale. The 
sharp forest boundary will also cause changes in microclimate both within the forest as 
well as in the open area which has been cleared. Wind penetrates deeper into the 
forest and causes damage at the forest edges around the clearcut areas (Väisänen and 
Heliövaara 1994). Increased sunshine on the clearcut area will also increase 
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temperature fluctuations and cause greater evaporation of top-soil and surface 
water (Foreman 1995). It can generally be stated that edge effects affect different 
species in different ways. Thus very mobile species like birds, mammals and 
winged insects will easily migrate away from edge areas. It has also been pointed 
out that species adapted to the boreal environment must be capable of surviving 
disturbances such as forest fires and perhaps also clearcutting (Haila 1994), but 
only if the distances to another similar forest habitats are not too great. Edge 
effects in forest patches due to clearcutting have been reported to be from 50 
meters (Virkkala 1987, Angelstam 1992), up to 100 meters or more from the clearcut 
edge (Towle 1997) depending on the species studied and the scale used. 
In the Kiekki area there are extensive edge effects due to forest clearcutting. 
Figure 15 shows that by assuming a 30 meter edge effect there may be numerous small 
forest biotopes available in the study area outside the Elimyssalo Nature Reserve, while 
an assumption of edge effects over 100 m (Figure 16) reveals that there are few old forest 
habitats available for specialist species which depend on extensive forest patch 
interiors for survival. Due to the small sizes of the current forest patches outside the 
Elimyssalo reserve, a scenario using more than 100 meters edge effect will show that 
there are very few extensive forest patch interiors within the study area. 
4.2 Mire drainage and its ecological effects 
Mire ditching and drainage lower the water table in mires so the top vegetation 
layer may dry up and become more suitable for increased tree production. On the 
whole the draining of fertile spruce mires causes a short term increase in ecosystem 
production, resulting rather heathy peatlands, which can be good sites for growing 
spruce (Vasander 1990, Hannelius and Kuusela 1995). A long term effect of mire 
Figure 14 A simple classification of forest edges into high and low contrast edges. 
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Figure 15 Forest patch interiors in Kiekki assuming a 30 meter edge effect. 
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Figure 16 Forest patch interiors in Kiekki assuming a 100 meter edge effect. 
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Table 2 Forest cutting by periods since the 1940s 
Area Proportion oforiginal Cutting rate  
km t forest cover, % km1/year 	~ 
Forest cut 1940-1950 0,9 I 0,1 
Forest cut 1950-1960 2,4 4 0,2 
Forest cut 1960-1910 5,0 8 0,5 
Forest cut 1910-1980 6,1 II 0,6 
Forest cut 1980-1990 11,8 20 1,2 
Forest cut 1990-1996 6,8 11 1,1 
Total cut forest area: 
---------------------------------------- 
32,6 55 
-----, 
drainage is the decline in mire plant species and other wetland species (Vasander 
1990). 
Short term environmental effect of bog drainage is not easily detected on a 
landscape level, although local effects may be considerable. The local effects of 
drainage on vegetation may reach up to 50 m to each side of the drainage ditch, 
depending on slope and mire type (R. Heikkilä pers. comm.). Some secondary effects 
of mire drainage are notably: increased water runoff, humus runoff into downstream 
watercourses, and erosion (Finnish Forest and Park Service 1994). Tree damage caused 
by excavating machines during ditch maintenance has been discussed (Lauhanen 
1994), and wasteful mire destruction due to unproductive drainage and inaccuracy in 
mire site type identification have also been reported (Heikkilä 1984, Saarinen and 
Silver 1992, Paasovaara 1994). 
Ecological changes due to extensive mire drainage will result in regional loss of 
habitat diversity, where species dependent on mire ecosystems loose their habitats and 
in time, if the mire becomes increasingly forested, species preferring young growing 
forest will increase. Such a scenario will in the long term result in a loss of biological 
diversity if such changes occur over wide regions. 
4.3 The effects of roads 
Roads are known to have a great direct and distinct negative impacts on the 
environment (Foreman 1995, p. 457). In general roads are considered to open up 
areas for increased traffic, which may in turn increase pollution, noise and other 
disruptions, as well as increase hunting and tourism activities. Forest roads directly 
open up much new forest edge and thus increase edge effects. Increased car traffic may 
indirectly result in increased roadkills since roads often cut across the foraging and 
migrating paths and territories of species having large home ranges. 
In the Kiekki area, the main environmental effect of forest roads is an increase in 
edge effects and increased fragmentation of forest areas as discussed above. Forest 
roads in the area are often about 4 meters wide with ditches and trees cut on both sides 
up to 3 meters, with sharp edges on both sides. In it's Forest Environment Guide the 
Finnish Forest and Park Service states that "environmental harm caused by logging 
roads can be minimised by assessing the environmental impact of the road network 
when this is being planned for a particular area" (Finnish Forest and Park Service 1994, 
p. 15). This requires more than the environmental assessment of individual road 
developments as the Finnish law on EIA currently demands, but requires an 
environmental assessment at a strategic or regional level. Further measures to decrease 
the environmental impact of forest roads could be to restrict traffic on forest roads, 
minimize roadside cuttings, and in some cases to allow the regeneration of forest on 
forest roads which are rarely used, as has done in some cases e.g. in Russian Karelia 
(Sigurdsson et al.1995). 
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Figure 17 Future scenario assuming maximum habitat conservation 
Figure 18 Future scenario with maximum economic timber harvesting and continued clearcutting. 
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4.4 The cumulative effect of cutting, drainage and roads 
From the discussion above it can be assumed that changes in environment will 
most certainly result in the loss of habitat and species diversity since virgin 
habitats for specialized old growth species become fever, smaller and scantier, plus 
that species adapted to forest edge environments migrate in and cause further 
disruption in the ecosystem. An increase in edge species may temporarily increase 
the biodiversity of particular stands, however a cumulative loss of species diversity 
may occur within the landscape, since an increased number of biotopes will 
support the same general species and the landscape may loose its mosaic character 
where forests are managed for timber production. 
One of the main aims of CEA is to produce future scenarios for use in decision 
making. Future scenarios for the Kiekki area are divided into two opposite-pole 
scenarios, one is a maximum habitat preservation scenario (Figure 17), and another 
scenario is where the economic gain from the area is maximized by clearcutting and 
managing all forest patches which are not protected (Figure 18). Both scenarios assume 
a 1996 status quo with general maintenance and thinning strategy for forests and 
wetlands which have already been altered from their natural state. The method for 
CEA presented here is a simple one based mainly on spatial elements, but can still yield 
some useful scenarios e.g. in the form of maps and diagrams as shown in Figures 13,17 
and 18. 
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The effects of forestry related activities in Kiekki which have been studied here 
lead to the conclusion that there may have been a severe fragmentation of old 
growth forest habitats and loss of virgin mires, according to general theories and 
compared with results from other studies in boreal landscapes, it seems likely that 
the remaining forest fragments in Kiekki may be subject to increased edge effects. 
The resulting long term effect is a loss of biotope diversity, since the cleared forest 
areas have been managed in such ways that they should only support the most 
important commercially valuable trees. A loss in biotope diversity will ultimately 
lead to losses in biological diversity, since species dependent on large virgin and 
old growth areas may not find suitable habitats within the commercially managed 
forests. 
Having reached this conclusion the original aim of this paper as to "how the 
cumulative effects of forestry related activities are manifested in the landscape and 
whether the resulting changes are in fact cumulative effects or not" can be addressed. 
The cumulative effect of forestry and related activities in Kiekki may lead to 
cumulative environmental effects which are losses in biotope diversity at the landscape 
level, and that these losses occur as a result of all three activities, forest management, 
mire draining and road development. Furthermore, when the effects of forest 
fragmentation and edge effects are considered, then the long term effect is the loss of 
biodiversity which is best described as a synergistic environmental effect, meaning that 
the final impact is bigger than the sum of all the activities considered. 
The use of a GIS is a central and integrated part of this study, since most of the 
data is of spatial nature and is largely available in digital format. The GIS provides 
opportunities for viewing and measuring each data component, and to analyse 
fragmentation and edge effects at landscape level using different variables. 
The relevance of cumulative effect approach for forestry or environmental 
management in general can also be justified, since the main aim of CEAs is to provide 
information for decision making. Thus CEA has been defined as the sum of significant 
past, present and foreseeable future effects of human activities on the environment, 
unlike the landscape ecological approach which is more focused on understanding the 
ecological function of large areas and the spatial arrangement of ecosystems and 
habitats (Turner 1990). Geographical Information Systems are useful in both 
approaches since both CEA and landscape studies are essentially spatio-temporal in 
character. 
Although the spatio-temporal effects of forestry which have been considered 
here may present interesting and useful information concerning the state of the 
environment, these are best regarded as a background for more detailed analyses, 
measuring and monitoring environmental changes such as temporal changes in 
species diversity, and monitoring indicator or keystone species. Further quantitative 
analyses might also reveal further significant features concerning the spatial changes in 
the area like shapes, situation and distance between fragmented biotopes. The method 
presented here can also be applied to other landscapes with more a diverse land use 
pattern, since the Kiekki area is relatively isolated landscape with a monotonous land 
use. Thus the method could also be tested in a landscape with more variation in land 
use types and where other land use activities are being considered. 
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NATURE AND 
NATURAL RESOURCES 
Landscape ecological changes in the Kuhmo border 
area after 1940 
A cumulative effects assessment approach 
This paper describes how environmental effects of forestry related 
activities, forest clearcutting, mire drainage and roads, accumulate in the 
forest landscape. Using a case study from the Kuhmo border in Finland 
as an example. The study presents geographical information systems as a 
simple tool for analysing and assessing landscape ecological change 
using concepts from both landscape ecology and cumulative effects 
assessment. The study finds that on a regional level, cumulative effects 
of forest management are manifested in the loss of habitat diversity 
which in turn leads to losses in biological diversity. 
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